Optical frequency combs (FCs) have become an important light source in modern physics, with diverging applications in various fields. In this work we explore the phononic analogue to optical FCs, and propose a new type of FCs, generated through nonlinear resonances. FCs, especially in optical systems, normally refer to the generation of a series of equidistant spectral lines, via cascade excitations of the eigenmodes of the system, where each spectral line relates to the excitation of a single eigenmode. In the generating process of the new type of FCs, however, only two or three eigenmodes are excited, and the FCs manifest themselves as the splitting of the intrinsic frequency of each excited mode into a series of equidistant spectral lines. Comparing to the traditional FCs, the new type of FCs can be viewed as a 'hyperfine' comb structure around certain selected eigenmodes, and moreover these selected excited modes become correlated by the generation of the FCs. This new type of FCs can be generalized to various nonlinear systems, from phononic to optical, as well as from classical to quantum systems. Such 'hyperfine' combs can give rise to new applications in corresponding fields, such as high-accuracy frequency measurement and entanglement generations.
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The phononic frequency combs are investigated in the nonlinear FPU- chain with monochromatic external driving, which manifests itself as a driven nonlinear phononic cavity. Nonlinear resonances [2] (NRs) in such driven system can take place between external driving and intrinsic phonon modes, and the corresponding phonons are simultaneously excited by external driving, when the driving frequency matches the sum of the eigenfrequencies of a set of phonons. The nonlinear resonance serves as the source of FCs being proposed in this letter, and we will discuss the generation of FCs through NR of different orders. The FPU- chain is a nonlinear three-wave-mixing system, and the first order NR refers to a pair of phonon modes simultaneously excited, which is termed as direct nonlinear resonance (DNR) hereafter. The second order NR, in which a triple pair of phonon modes is excited by a cluster of nonlinear terms, is termed as cluster nonlinear resonance (CNR). Consequently we demonstrate two types of phononic FCs, generated by the DNR and CNR, respectively. In the spectra of the three phonon modes, for one thing, equidistant spectral lines are observed, which is the spectral fingerprint of the FC. For another, a satellite comb appears in each spectrum of the first and second phonon modes, and these satellite combs demonstrate an extra correlation between the first and second modes.
